Abstract Unidentified nerve root anomalies,
Introduction
Conjoined lumbosacral nerve roots (CNR) are composed of two adjacent nerve roots, which share a common dural envelope at some time during their coursing from the thecal sac. CNR incidence is reported to be 2-17.3% in patients undergoing lumbar spine imaging (CT, MRI and myelography) [1] [2] [3] [4] [5] [6] [7] [8] and as high as 30% in cadaveric studies [9, 10] . Nerve root anomalies are mentioned as differential diagnosis to herniated intervertebral discs [2, 5] .
Although CNR case series are scarce with few patients each, there are five classification systems [8, [10] [11] [12] [13] . No study has identified any specific or sensitive clinical pattern that uniquely distinguishes CNR. Lack of straight leg raising sign is more suggestive of CNR than disc herniation, as this sign generally indicates an acute inflammatory response [14] . A CNR may be subject to overcrowding in its nerve canal and claudication symptoms would seem logical; however, a secondary radicular component may occur with flares of inflammation. The clinical presentation of CNR is ''lumbosciatic pain'' due to the crowding of two nerve roots in the same foramen or lateral recess.
Symptomatic and undiagnosed CNR is one of the causes of failed back surgery, as a simple discectomy without adequate lateral recess and foraminal decompression does not address the pathology [2, 15] . Furthermore, inadvertent nerve route injury can occur or battered nerve syndrome if the second nerve in the field is not appreciated.
Diagnosis is usually made with computerized tomography (CT) [3, 7, 16] , water-soluble contrast myelography [4, [16] [17] [18] [19] , high-quality magnetic resonance imaging (MRI) with coronal views [1, 2, 6, 16, [20] [21] [22] , or intraoperatively [8, 15, [23] [24] [25] . Radiological diagnosis is still challenging despite the improvement in imaging modalities.
The primary purpose of this study was to examine the surgical outcomes of patients with CNR. A secondary purpose was to compare and contrast the presenting history and signs between patients who were diagnosed with disc herniation, but ultimately found to have CNR at surgery.
Materials and methods
Between 2002 and 2008, 16 patients were diagnosed intraoperatively with conjoined nerve root. The preoperative diagnosis was disc herniation from the referring doctor and the radiologist report. There was a suspicion of conjoined nerve root in some patients based on symptoms and past personal experience of the senior surgeon. All patients were treated by microsurgical unilateral decompression. During the same time period, 260 were treated in a similar fashion, but diagnosis was an expected disc herniation. All surgeries were performed by a single fellowship trained spine surgeon. Surgery for CNR consisted of hemilaminectomy, partial pediculectomy and foraminotomy with or without discectomy. Surgical outcomes, Oswestry Disability Index (ODI) and the Short Form-36 Questionnaire (SF-36) were measured preoperatively, and 6 weeks, 3 months and 6 months postoperatively. Where disc herniation was present without CNR, routine microdiscectomy was performed with lateral recess and foraminal decompression performed as indicated.
The CNR cohort was matched 1:2 with 32 patients diagnosed with intervertebral disc herniations. Matching was done according to age (within 5 years), gender and level of pathology. Surgical outcomes for the control group were collected prospectively in the same fashion as for the CNR cohort. The initial clinical presentation (claudication, radiculopathy), physical examination (straight leg raising, neurologic deficit), imaging studies (CT and MRI) and surgical outcomes were compared between the groups.
Chi square was used to test for difference in proportions in clinical presentation between the groups of CNR and herniated intervertebral disc. Student's t test was used for determining statistically significant differences between the standardized means for the SF-36 and the means of the ODI.
Results
The incidence of CNR identified at surgery in this cohort was 5.8%. The L5-S1 nerve roots were most frequently involved in accordance with the published data. This occurred in 69% of the cases. An L4-L5 CNR occurred in 31%. Clinical presentation differed in patients with CNR. The pattern of pain was more commonly claudication as a prodrome with or without the development of radiculopathy. Claudication was defined as symptoms in the leg that correspond to a nerve root distribution, which can include pain, numbness or weakness but being manifested with activity such as walking or standing. Generally, claudicant symptoms are relieved with sitting or cessation of activity. This occurred in 44% of the patients with CNR compared to 25% of the disc herniation patients. This was significantly different, p \ 0.05. Radicular symptoms with rest pain were more frequent in the disc herniation patients, 75 versus 56% (p \ 0.05) (Fig. 1) . Radiculopathy is defined as constant nerve root symptoms, which are present with activity and also with rest. Generally, sitting or standing does not affect radiculopathy. Neurologic deficits such as anesthesia over a dermatome or motor weakness were less prevalent among patients with CNR 55 versus 94% 
(p \ 0.05). Nerve root tension tests were not helpful in distinguishing between CNR and disc herniations, as both cohorts had similar rates of positive straight leg raising (SLR) tests. Of the 16 CNR identified intraoperatively, only three patients (18.75%) underwent a microdiscectomy while boney decompression only was deemed necessary for the remaining patients.
The correct diagnosis of a CNR made by the authors preoperatively based on history, clinical examination and review of the imaging studies was correct in 40% of the cases. CNR was never suspected by the radiologists. Figure 2a , b depicts the mean and the standard deviation of SF-36 outcome measuring scales pre-operatively, at 6 weeks, and 3 and 6 months in each group. SF-36 components showed the same pattern of postoperative improvement; however, the CNR cohort had a consistently lesser degree of improvement. In contrast, the ODI (Fig. 3) did not differ between the cohorts regarding the amount or rate of postoperative improvement. One patient in the CNR cohort required a revision decompression due to recurrence of symptoms. Reimaging showed continued lateral recess stenosis. There were no recurrent disc herniations in the disc herniation group within the study period.
Discussion
Suspecting CNRs preoperatively is beneficial for appropriate treatment and avoiding the risk of intraoperative neural injury, which can be due to traumatic manipulation or retraction with little mobility of the nerve. Potentially, one may cut the nerve if a second nerve overlying the disc space is not suspected. The CNR cohort in this study did not have any perioperative complications; however, they were identified either preoperatively or intraoperatively. Previous studies have described the potential hazards of unrecognized CNR at spinal surgery. There should be a heightened awareness of CNR if there is a prodrome of claudicant symptoms concurrent with or preceding radiculopathy. SLR test was found to be unreliable in the diagnosis of CNR. Imaging findings can range from more discrete features (Fig. 4a, b) to less obvious ones, which resemble a disc herniation. However, there are unique features that appear to be more typical of CNR. Reported MRI signs for CNR have previously been noted to include the almost equal density of the nerve root anomaly and the thecal sac, an asymmetry or pouching out of the subarachnoid space in the axial view and the location of the root anomaly, which is often above the intervertebral disc space [1, 2, 6, [20] [21] [22] . Song et al. [22] found three MRI signs for CNR: a ''corner'' (asymmetric morphology of the anterolateral corner of the dural sac), ''fat crescent'' (intervening extradural fat between the asymmetric dura and the nerve root) and the ''parallel'' sign (visualization of the entire parallel course of the nerve root at the disc level). If there is clinical suspicion of a CNR based on patient's history, or the initial MRI is suggestive of CNR, we agree with the recommendations for further coronal reformations that better outline a CNR [6, 7, 15-17, 20, 22] .
The CNR pathoanatomy is a result of focal lateral recess and foraminal stenosis. Creating room for the increased nerve tissue in the exit zone and foramen is paramount for treatment. A variety of surgical procedures such as pediculectomy and facetectomy have been described as treatment for CNR [8, 13-15, 19, 23-27] . In our study, the surgery consisted of a hemilaminectomy, lateral recess decompression, partial pediculectomy and foraminotomy. The goal of all approaches is to achieve adequate decompression. In 18% of our patients, a microdiscectomy was also performed as the disc was bulging or herniated and contributed to the neurocompression. This subgroup consisted of only three patients, so a specific surgical outcome analysis was impossible. CNR surgical outcomes have varied in literature from 30% good results to results comparable to microdiscectomy. In our cohort, there were comparable outcomes between the groups with no statistical differences; however, there was a trend for inferior outcomes at 6 months in the CNR group. We can postulate that the CNR group may have other factors that affect recovery, such as the longer time course of compression or less nerve mobility.
Summary
Conjoined nerve roots occurred in our experience in over 5% of cases, which were classified preoperatively as ''disc herniation''. The clinical picture that should raise awareness of this entity is a prodrome of claudication with or without radiculopathy. Certain MRI imaging findings should raise awareness of a CNR, particularly in the context of a mixed claudication/radiculopathy pain pattern. MRI coronal reformats may increase the preoperative identification of CNR. Preoperative awareness may reduce the risk of inadvertent nerve root injury. The treatment entails decompression of the bony canal of the nerve root exit zone. Outcomes are comparable to those of disc herniations, provided surgical management addresses the pathology of lateral recess stenosis. The earlier reported poorer results of CNR may reflect the lack of appreciation of the finding and inadequate decompression. 
